Deviation of systolic time intervals (STI) from the regression lines obtained from 122 normal subjects was studied in 22 healthy adults (Group 1), 18 N.Y. functional class I cardiac patients (Group II) with ischemic (IHD) or primary myocardial disease (PMD), and 15 similar patients (pts) but N.Y. functional class II with prior heart failure (Group III).
Additional Indexing Words: Ejection time;
Pre-ejection period; Supine exercise; Ventricular; performance; Heart failure; T HERE is recent growing interest in systolic time intervals (STI) as a simple, non-invasive means of assessment of left ventricular performance in man.1)-7) Alterations in STI at rest have been shown to correlate with changes in stroke volume, cardiac output,18) left ventricular ejection fraction,9) as well as with direct parameters of left ventricular contractility.10) More recently changes in STI in response to quantitated exercise have been examined in cardiac patients11)-15) and compared with the normal response. However, these studies have yielded controversial results. Therefore more work is needed to define the place of exercise induced changes in STI in disclosing impaired left ventricular performance and the type of exercise that is most useful in this respect.
The present study was undertaken with the following objectives: 1) clinically, to compare the changes of STI induced by supine exercise in patients with and those without congestive heart failure; 2) experimentally, to investigate the effect of different hemodynamic variables and of myocardial impairment on STI; and 3) to attempt to interpret changes in STI at rest and after supine exercise in patients with congestive heart failure in the light of clinical and experimental observations.
MATERIALS AND METHODS

I. Clinical Study:
The human subjects comprised 21 healthy adults (Group I) and 33 patients with heart disease. Cardiac patients consisted of 29 men and 4 women with an age range 16-65 years. Eighteen of these patients (Group II) had normal effort tolerance (N.Y. functional class I) and no prior history of heart failure; these included 13 patients with ischemic heart disease (IHD) with an old uncomplicated myocardial infarction or angina pectoris on severe exertion and 5 patients with primary myocardial disease (PMD) diagnosed by cardiomegaly with or without gallop rhythm but associated with ECG abnormalities exclusive of left bundle branch block. The remaining 15 patients (Group III) had a history of congestive heart failure (CHF) that was controlled satisfactorily by medical treatment so that their effort tolerance was ultimately only slightly decreased from normal (N.Y. functional class II). Twelve of these patients were suffering from ischemic heart disease and 3 had primary myocardial disease.
Patients included in the study were exercised by a Collins pedal mode bicycle ergometer* in the supine position for 4min at a work load of 1watt/Kg of body Left panel shows left ventricular ejection time (ET) and preejection period (PEP) in Group II cardiac patients with ischemic (IHD) and primary myocardial disease (PMD), and Group III patients with congestive heart failure (CHF). The regression lines represent normal values obtained from 122 healthy subjects. Right panel shows percentage change of PEP and ET with change in heart rate in animals with intact hearts while cardiac output (CO) and aortic diastolic pressure (DP) were kept constant. 0.078 in Group III (CHF pts.), thus indicating a significantly higher value in this latter group (p<0.01) (Fig.4) .
B. Experimental Study: The effects of change in each of heart rate, aortic diastolic pressure and minute cardiac output on STI were studied experimentally in dogs. As heart rate was increased at a constant stroke volume and aortic diastolic pressure, there was shortening of PEP accompanied by more pronounced shortening of ET (Fig.5A) .
Increase in heart rate with a constant minute cardiac output, i.e., at a lower stroke volume, caused less marked shortening of PEP and more marked shortening of ET than when stroke volume was kept constant (Fig.2) .
Increase of stroke volume at a constant heart rate and arterial diastolic pressure resulted in prolongation of ET and simultaneous shortening of PEP (Fig.5B) .
Elevation of aortic diastolic pressure at a constant heart rate and stroke volume resulted in prolongation of PEP and shortening of ET. This change was observed until a pressure of about 100mmHg, beyond which further increase of aortic diastolic pressure resulted in abbreviation of PEP and prolongation of ET (Fig.5C ). When myocardial depression was induced by a large dose of sodium pentobarbital, while the other hemodynamic variables were kept the same as with the intact heart, there was prolongation of both ET and PEP (Fig.5D ) with increase in PEP/ET.
II. STI Changes Induced by Exercise or Increased Stroke Volume
A. Clinical Study: Table I shows hemodynamic changes induced by supine exercise in the different groups studied. Normal individuals (Group I) showed increase in heart rate and cardiac index, but insignificant change in stroke volume and arterial diastolic blood pressure (Table I ). Fig.6 shows exercise-induced changes in STI in the studied groups. There was prolongation of ET and shortening of PEP in Groups I and II while there was prolongation of both PEP and ET in Group III.
Postexercise PEP/ET showed a further significant increase in Group III (p<0.01) while the ratio decreased in Groups I and II (Fig.7) .
B. Experimental Study: In dogs, changes in STI were studied in re-Jap. Heart J. July, 1975 increase in stroke volume resulted in prolongation of both PEP and ET with increase in PEP/ET. The response of STI to increased preload in animals with intact heart is therefore similar to STI response to supine exercise in human subjects with healthy hearts or non-limiting heart disease. Also, STI response to increased volume load after induction of myocardial impairment Jap. Heart J. July, 1975 in animals is similar to STI changes in response to supine exercise in patients with prior congestive heart failure. return.24) In the normal heart, increased sympathetic activity should lead to decrease in all components of mechanical systole25) while increased venous return is expected to lead to shortening of PEP and prologation of ET. This latter pattern was encountered in healthy individuals and cardiac patients with normal effort tolerance whom we studied with supine exercise. The primary role of increased venous return in causing these changes is further suggested from our experimental study in which controlled increase in stroke volume had similar effects on STI in animals with intact hearts. On the other hand, patients with prior congestive cardiac failure showed more prolongation of PEP and slight prolongation of ET and therefore appreciable increase in PEP/ET in response to supine exercise which is similar to our findings in animals with induced myocardial impairment when they were subjected to a larger volume load (Fig.8) .
Several investigators have studied exercise-induced changes in STI in symptomatic cardiac patients or those with subclinical or non-limiting heart disease. McConahay et al15) reported that patients with angina pectoris had significantly increased PEP and decreased ET and a greater PEP/ET at rest and after exercise than a control group of normal individuals. They also noted that cardiac patients showed an STI response to exercise similar to normal subjects. They therefore concluded that exercise did not improve the predictability of STI in differentiating patients with coronary artery disease from clinically healthy individuals. That study, however, did not include cardiac patients with prior congestive heart failure. Aronow et al13) showed that among patients with coronary heart disease, those with a left ventricular ejection fraction of less than 50% had a lesser decrease of isovolumic contraction time/ET in response to upright exercise than normal individuals or patients with an ejection fraction of 50% or more. These findings conform with those of Kondo11) who noted that exercise caused less than usual abbreviation of PEP in the majority of patients with heart disease. By contrast, Pouget et al12) observed that 2 step exercise test for 4min resulted in more prolongation of ET and more shortening of PEP than usual in patients with angina pectoris as well as in patients with heart failure due to primary myocardial disease.
The discrepancy in these results is not readily explainable, but the type of exercise employed might have influenced the results in certain studies. It has been shown that a normal individual in the supine position has a shorter PEP and a longer ET than values obtained in the upright position, while a patient with congestive heart failure will demonstrate no significant change in STI with posture.26) Also stroke volume and cardiac output have been shown to be significantly lower during upright than supine exercise in normal subjects, whereas no significant difference in cardiac output or stroke volume was found in patients with heart disease with the 2 forms of exercise.271 If one considers that venous return increases appreciably in the supine position, one may expect that exaggerated cardiac distension in that position should make supine exercise more useful than urpight exercise in revealing an underlying state of impaired myocardial performance.
ACKNOWLEDGMENT
Our appreciation to Mrs. Hiroko Nishio and Julianne Garvey for their secretarial assistance.
